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Gontrolled Reotifier under Short=Ciroult Qonditions

M

1) Qurrent during prolonged short eirouits

Te projected application of high voltage direot ourrent for long-
digbance transmission raises afresh tho question of tho 'bahuﬁor of
reotifiers when short oirouiteds The threo=phase full ’ or bridge
conneoticn is preferable for this purpose. The behavior of this
conneotion on short oiroult may be treated in a general 2%
utilising the results of previous experiments on various oirouitse
(See Footnotl'ﬁ'ﬁ“h fre )

Treatment of the short oirouit behavier of rectifiers has shom
that apart from the partioular oirouit dif!’.ie'n‘o’::. & distinotion must
be made on the one hand between long and mﬂ short oircuits
and, on the other hand )betnon the kind and position of the ourrent-
limiting inductance’ and the location of the short oirouit, The
netural induotence and ohmio resistance of the transformer or the
additional line orqb”: chokes may be the deoisive faotor for the
1imiting of the short=ocirouit, The short oiroult osn ocour before ar
after the oathode chokes. We shall consider the oase of t.'Q" ure induotive
ourrent limiting, since it oan be taken as the predominant type for
large installations, and the ohmlo resistance produces a negligible
additional w of the short-oiroult ourrent, We shall first
disouss the ghort oirouit hﬁﬁd the oathode choke, viz, direoctly on
'ar;e output terminals of the rectifier in which oase the ohmio re=
sigtance of the oathode choke will also be negleoted,

s) Short oirou:\.t '&n& the ca:hhodc ohokes

=

The ign!.tion and quenohing of individual .puu of a

reotitf{ey constitutes e periodic oyole of switohing operati s
wit mﬂcianus G"VC" 2
Wi the inductive ourrent-limiting

sudden inorease in ourrent, The individual anode ourﬁen‘u follow

the al‘aerna:hing ahort [} roui't ourrents?/
ols which .tpwhd"
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‘oos!.nn:lns at sero and returning

' determing
again to goro &b 'hhe oT of the poriod. N Henoe, the problem is to _

variaHioas 'n JAe awo 3
h order to o.ucmhlo pieccmeal the

Corves ponbin
b ourrent fr M a’l’hornat:lns short=oirouit ourrenis.

The ourron‘o& involves o jnowlodge o!‘ tho dwobembmnd igoition and
points

er
ofxiheinveeieel o:bimtton/fr the -p&l The Jmsvwm=ef ignition fu wt
ig determined by tho ocontrol voltage, with o positive plabto voliage

roquired at the instent of ignition, Honoe, the first item to deter=
mine i the smebewiwed: oxtinotionwj‘"
When the short oirouit is beyond the oathode ohoke, the -imstnsl

| bIn
of oﬂinotiof;:/guuat be such that the rootified voltage before the
oathode choke has a mean value of zerce This oondition leads in

general to tho statement that tho current duration lies lmotrionlu

about the point at which the phase voltnge passes through sero, This

! - wilh mw
i will rB°L§:f'.’9 shown Q=W example of the three=phase reotifiere
We proceed from the condition of the reotifier oontrolled to mero.

l Then it is obviously mominilou whether or not a short ocircuit exists,
OW

ro'n
1.0, the ourrent-voliage would not be affected & short-oirouit
ST Hi e R v ’

Weo see 1nN15. 1 sAfge the secondary phase voltages Uy.os Uzuos

Usuge The rectified voltage with a mean value of zero is underscoreds

In gencdl, this oondition is met with an ignition leg of L ™ VYo
point
1,

G e with respect to the iwbenbemé ignitionAof ‘the uncontrolled’reotifier |

, t 2 '(’ﬂ/.b 7r/P) H"Q , a8 Hse MMMLN 07(,1 ties ow

,‘\! Iftom&ﬂ" (v\tt) {W Ce vee -~ ’ /H\Je l(t"vflf!
2. - ._W-- - 17:

B e i,
The ourrent duration under normal conditions Ip:
G = &L
Henoe, for a threq-phe.ao réotii‘ier:
G - &
Tn an unoontrolled reotifier, the ourrent interval is symmetrioal

about the peek value of the phase voltage when wt = 5 s Leoy it

extonds between 2. *= ﬂ' g (1gnition) and 2-° ,% ¥ 72 (extinotion)e

SEGUEY
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Whon the ignition lag A= £ the ou.rrmt _“durat:lon extends between
2.+d -:-IW atost ﬁ'}*p ,12.0. betwoen 7’";{, and
77. "' o and thus lios lyn%‘hrioa.ny about the sero passage of the
phage voliages
Lot us imagine that a reatifier oontrolled to sero is switohed

awvoals
on. T‘.h‘ ﬂ;ﬁuf in turn oarry ourrent in a oirouit which is olosed

Thvong
o 'tho oathode choke and ‘tho phase voltage,

At the bottom of Fige 1 qu soe the alternating short-cirouit

nod ¢
ourrent of this connection for Fiake 1. It is small enocugh to be
q M Comprised

negleoted when the oathode hokz }u-go The ourrent imms
,ur'd fz uvea imo 2T

mm
o!‘ this ourrent ~ ) as is shown below,

ho pl.io currents botder on eash other but do not overhp.

If we now advanoe the ignition, the ourrent fl g, will
overlap and in accordance with the rule given above, that the current
flow time is symmetrioal about Z(}t ‘77; the extinotion point is re~-
tarded as much as the ignition is advanceds Fig, 2 shows us the re=
sulting reotifled voltage before the oathode OhOk;A for the ignition

The anode
1ag()(=lo' eleotrionl, X »20°, and (X = o°. Weameolbe.ourrents 4V 4 [3

M-MMW
The zero passage of the first phase voltsge, about whioch the
ourrent duration of the first mnode is symmetrical, is shown in a dote
dash line in the diagrem,
Above, on the left hand side, the rectified volitage is under=
goored for X =&60° e18¥ e see that this voltage runs in the middle
between the sucoessive phase volteges, whenever two %ﬁuo
nimultaneouslj' carrying ourrent, and follows the phase voltage when
only one %eu oconduoting ourrents The ourve on the top right
hand side of Fig, 2 holds good for the ourrm'gu%ﬁebxﬁdlo;f M(’ QMIDL
where two Msnarry ourrent, The voltage thu:.rum into the
middle of the ‘two % voltagess Thips Ls a short=cirouit of the
linked voltage of the tra.nsi‘ormer.;;ﬂ'%by the short=oirouit poinb»a&éiu M )
ALpthe mean voltage #8 oppozite the st:r;“;:ﬁgt (ﬁ Below we seo ‘the

cowd ) Hewns x
)
voltage and the ocurrent 7-0 for 0° . \Here )there are ‘bime

i‘\w Y
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:|.n'horva1| in whioh the threo ﬂ'ﬁl carry ourrent simulbaneously and

therefore the reotified voltage vrnl bo seroj tho oommon shortwodiroult
polat, the cat‘wodp. takes the mean voltage of all threo phase voltage, 140¢
ESIOs

We soe from Fige 2 that in all three cases the oondition that the
mean roctified voltage is zero is fulfilled,

The w ourrent oan be constructed from the corrogponding
altornating currents in acocordence with tho curron‘b‘,u& This is

shown in Fige 3¢« Above, we soe tho firet phaso voltago and aleo the

uliornatingﬁﬁ;rm'hs lhort-oiroui'b):otwoen tho points 1 and 23 1, 2
! fTMInG anede

and 3 and 1 and 3, These ourrents & sewisstsivandr the pS¥ke ourrent

i1x(30)s because the oathode choke prevents the passnge of slbernating

ourrents, The index shows which points of the oirouit diagrem are to

ano
be oonoidored short=oirouiteds The jurrent follows diBplacodelly

displace (/W Condinuon s
“d. geotions of these alternating curren l,\i.n such o mannerJthat a 4 ‘f
tuve .a made
Gmo rouul’bl. For example, we ses that the ourrent for .X=0°‘ e
bof ' )

£ five uot“ ﬁforronponﬂing %o the scheme in Fige 2 belmw, In

Fige s)mi the seotion of the alternating ourrcnm which jaf’ Ae\(n Mmine s
dscheiveoipr the owrent below is shown hatoheds It 19 e matter of a
sequence of switohing operations with w rproamned. to Yo

purely inductive and the oompensation ourrent is therefore constants

anode to ampde
Since the nltlmating ourrents merely flow from platswho=plebe

the ourrontifl;\“the cathode choke remains oonstant, In the time
intervals when only one nhé. is oarrying ourrent, e.ge When X= 50
the ;:;y\ ourrent is equal to the oathode ourrents

The rise of oathode ourrent with deoreasing ignition lag oan be
geen from Fige 3 and iarﬁiltlln Fige 4o

The ¢athode ourrent is shown with respect o the effective
alﬁemt%oﬂ-oircui‘b ourrent when the points 1, 2 and 3 are shoris
oirouited, This oondition exists when the short=oirouwlt voltage of
the trensformer is being measureds

When the reotifier is overoontrolled the insisiifed ipnition r)m‘v\"'

c 4\
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oould be shifted forward to wi ‘0’ whereas for mormal operation
Wt "JU. v‘!h:l.a is lno the ocase when the reotifier is woon=
trolleds Then the p&aﬁ: ourrent assumes the rorn of on altornating
ourrent oompletely displaced imte the ponitivenal ie shown by &
broken line in the lower part of Fige 3.

The sssooiated cathode ourront rises to the value 343 = L’ ' 2“/ )
1,00 three times the peak value of the normal slternating shorte
oirowit ourrent,

For the three=phase rectifior with s large oathode choke it
doos not matter whether the ourrent=limiting induotances are in the
line pﬂ' on the primary, or neoondary sides

Now that we have established the basic short-ciroult oconditione
for o threc=phase rectifier, we can pass to the bridge oirouit whioh
is important for high=voltage trensmission. {See tho bottom left
hand diagram in Fige B,) This odroutt cen be regarded as two three-
phage reotifiers in series im which the seocondary trnnuformor nding
is oonsidered divided into two. identieal parts z{ hose lt:rzgonh(&
are oonnecteds '

It ocen thus be seen that in this oirouit there are two three=
phase ractifiery in series, mo that this oamo also be designated as
a double three=phase series conneotion, ‘ |

If the ourrant-limiting induotences had bee;;gfreotly be{oie the
Valvas@ as Mohokef we ghould have potten the same curren $eorm
from each partial rectifier as was oonsidered above for the three-
phase reotifier, But if the current-limiting induotenoes lie in the
line or on the primary or ieoondary sides, different ourrent and
voltage oonditions result, due to the influence on both sidess

We azain draw on the oese of the reotifier controlled to zero,
The upper part of Fige 6 shows the redtified voltagess The voltage
‘of ‘the left hand system is shown in a golid line and that of the right
hand system is ghown in e btroken lines The first is in agreement with

that of the three=phase rectifier shown in the upper part of Fige le
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Tho sooond is that of a three=phase reou!‘ior h nogmm voltage
opposite the Narhpo!.nt“ of the transformer,
The potential differance aoross the choke coil on short cirouit

1o the differonce of the volhuges: A/
Uy-s ~Uhys — %o
This voltage onuul a ourl'on‘v which is shown in the middle part

hrow
of Fig, 5, The ourrent -mvo.lm @ 1 is drawn as a heavy line,

Due to the ohoigo of voltage in the other system, the ourrent has two
L a Kl .
[ ]

If the ignition dolay is now reduced and the imewsns-@ extinotion 'pu' n

io delayed by the same amount é \} obtain the voltages shown in Fig, 6.
vowms
On top we see the cu.rrm'h for F %{‘. and the voltages for tho

Q V\t\ (L] J e
right (23] nyn'ha s In this

oase, they will not yet exert any mutual effect, w-{ho

! " As 1w
voltnsa‘l"l%ﬂu laan'z mm three=phase rectifier, bouuu

whenever two valves o.l' one system aro oarrying ourrent, only one valve
wWAIch 13 Mt'}

p——

in the other system will be oarrying ourren?, on a phase voltage

al ¥y eTe
i affeoted ﬂbzw.

owever, ag soon ag two Vviives uoh in both systems are carrying

it el be offeefod.

current, m. In the bottom diagram of Fig, 6 it is

shown that the reotified voltage in both systems becomes zero in that
cases This will take place when X <60° + The bottom diagram ﬁt‘
sed ya S m‘uc g

Fig. 6 applics to 9(’4\5‘0. In o8, syut there are;
Leiwew 2P0 9? !

M\voltago Erawe- Vo oS oreicmions
8¢ oY algébrar'c Suw
-Lvmzm phase vol‘au.f;ea. We see that the

gero oondition for the memn voltage is met in all casess A% (X ’Z&f
T four valves are oonstantly carrying ourrent simultaneously, and the
ST | ) )

fit : voltages arefat congtant ero. Thus, up o U< 2400 the valve ourrent

will ooinoide with that of the thres=phase rectifier, as shown at the

bottom of Fige 7o While the behavior of the ourrent in the three=
phase rectifier can be observed down to(X 2 ° or even downto(C2-34°

the limlt in this case is reached at O(#30% We shall consider the

MR
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. |
oonstruction of the plate ourrent at O(-Mf%lhm by the ourrent '“MU
”' diagram of Fige. 6, oenter, in more dotuil. In this case,
with valve 1 carrying ourrent, the following combinations of
suocoosively current=carrying valves are to be noteds

Wha 789 10 108° = 1131 & 172" oarry ourrent

" w108° 4o 188° - 1181 & 2" M "

" = 136° to 168° « 1151 & 2"" M "

" w168 to 198° - 11 & 2"s" 0 "

" = 1980 to 228° = 1721 & 2*E" ® " '
" B 225° 4o 285° - L't & 3 ® i

" B 2650 to 2650 = 1720 & E"I"  ® "

Five ditteron’h alternating ourrents must be employed for construoting
| the tﬂa. ourrents They are shown in Fig, 7, 'hop, noxt to the phase
voltage Ut-o. The l:ot:lonl used for forming the pua ourrent below.
aro shown nnol.
' The three alternating currents whioh ocour with complete secondary
shorteoirouit (Index X (123)) and those ooourring with short=oirouit
between 1 and 2 or 1 and 8 (under X (12) or K(ls))u'e shown on top in
heavy liness On the basis of the above tabulation it can be deoidsd

which ourrent is to be employed during the individual time intervals,

It must be noted that, when both the system under consideration and
the other system each contain two ourrent-oarry-ing valves, the trans=

bw
former will also be completely short-oirouited. wzide currents

will $low erelusively /v
1x(123)» 12K(123)s 8nd dgy()0a)

e of
salA- ARty s Zhose valves which oury’;éurrent/\only - one
rhase,ri—caery=thass.ounncndr, Thus, e.g., in the first rwfo. with

rise of the plato short=oiroult ourrent in'ﬂg. 7, bottoms In the next
sestion, only valve 2" is carrying ourrex;:z in the second system, thw
{hrowe
!
the ourrent will follow ourrent 1“((13) nenspg valve 1, because 1! and

3! in the firat system are carrying ouwrrent, Valve 3" will then

e d
X ;
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¢ )\‘! 10"“\
ignite and, as shown above, ix(1gs) °00° valve 1'e

Bublkmtiv, only valve 1! carries ourrent in the firsh system, &0
that the ourrent will be ocnstante Tho same oonsiderabions apply to
the dommward slope.

The ;rutont.“gourront ig roached at 0= 30%; the ocwrent

follows in successicn '*ax(lza)'@lx(lza)' 076 -1“(12?).’!110 trang=
- or is constantly shory=oirouiteds Wjﬂ"ﬂ*
iRty SR —

e LYW
inad from Fige 7 [w'hioh i equal o the ”0 ourrent in the gonﬁ;{n:i_v«ug 1 !

-——-'9“ I [4 F synali'v
% Ln TMEge 4 with respoot to the eflectiYe :or‘h-oigouﬂ Angtn"',

thavatfevistice
'l.MM)\the deviation from the w of the three=phase

rectifier beoomes evident at(X = 60°, The current is lower and the
ourvo onds st O = 30°%,

The question now is what will happen when the control 1s set b0
« <80°. If the oontrol pulse is & positive peak of ab least 30°
width, superimposed on & negative bias voltage, the ignition will set
1tgelf to X = 30° or WZ: 80°, even though the set ignition angle is
asscoiated with (X <BO° However, an automatio ignition delay up %o

¢ = 30° will ocour, If the grid vollage oomiltl or positive

pulses of & width lesa than 30° 0145 some of the phhl msy miss during
ignitions In practice, however, e wide ignition pulee oan be expeoted

in highevoltage DO transmission.
b) Short-oirouit beforo the oa'hhodo ohoho

In the case or shor'a-oiroui-b bafon the oathode choke, the
reotified voltage is directly ghort=oirouited, The only oriterion
ap aviogt
for the cnm;o of the Mourren'c is the oondition that the M

ourrent must »[zf:rthe instant of ignition el return to nro.fvom
The rule, that the ourrent duration must be nymatrioal a o0 0]

gero passage of the phase voltage, is meintained, in order to fulfill

the above oonditions The ourrent of the three~phase reotifier Mqh
Tis ehavaes rnsJ"c s
deoreuin ignition iuhown. et the bottom of Figs 8¢ Dhesthrew

Q'Q-v A

. genorwed.ﬁ‘ ‘cho transformer is short-oirouited in one pha.se against

th e m point “'11{(10))’ or in two phases against the .’q poi.:w

AT -

,/

! »
'-, L

- e
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(113(“0) and 11!(180))’ with only two ponnihlttlﬁl{w"‘(’t@r each
phases The linslﬁhuo shortw=oirouit is 3/2 greater than the throew
Phage ourrent i)y(125)s but R in phase, while tho twomphase
ohort-circuit cu.rnnh are l/_ 3 groater and are 30° chead or behind,

The pnu ahort-oiroutt eurrent at A5 90° 1o formed by the 120°(e oe)
Wlﬂko!‘ the singlo~phase short=oirouit ourrent as shown in
Fige 8, bottoms When the ignition delay is deorensed, the ourrent
duro.tion' periods overlap, but no more thean two m’om oarry ourrant
continuously, This oondition onours already at (X ® 30°, The ;h. ¢
ourrent is made up of parts of 1“(120) end "1!:(180)’ At this point,
the tranlromor is short-oirouited in such a manner, that it &me no.
1ohger my voltagokwhioh might make earlioer ignition of the plates
possible, Mths ourrent-limiting induotances are mostly on the
primary side and in the line, However, if most of the induotanoes are
loosted on the secondary side, the mebrmohol are independent of
oach other, and the ourr;nt oonditions prevailing will be those of
‘the short=cirouited single phase reotifier, whose ourrent behavior has
been described by W, Sohilling in "Die Gloeichoichtersohaltungen”
(Reotifier oiropits), page 14 £r,

In ou; of shortw=oiroult before the cathode choke the ourrent of

the roctifier cannot be based on the ourrent of the simple thrae=

phase restifier,

Fige 9, bottom shows the:.current moross e valve with decreasing
ignition delays Since it is, at any given instant, a shorteoirouit
of the linked transformer voltage, no more than three valves ocan
oarry ourrent asimulteneously, This condition is reached already at
(X = 80°, Then the ‘tranaformer is oompletely short=oirouited and no
voltage is available for the ignition of other valves, The ourrent

duration has beoome 180° el, and ‘the valve ourreni consikts of the

halfewave of the short=cirouit current 11K(125 ) with a mean value of

V::{Ir of the offeotiive value :11{(125)' At O = 780, however,
the m ourrent consists of five different seotions, according to

ooy
"
: '
Vit e v

- )0 =

K}
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Yo ok E-t'“\ |
the ourr Yt uoh matioally shm ] ;::VEo tHome R%‘ eurrenr

1K(18) or 11&(18) are %. deponding on whether
the entire trensformer or only the linkod voltages Uy o oF Uy g oo

nhort-otrouitod. The individual seotions aro shown in Fige 9. tope
M As 90°, the ﬂi&‘ ourrent oonsista of the connected Knl!n
the two short-oirould ou.rrentl i and 1 aocording to the
ourvent }io:!fm in the oont::(g)!‘ig. 93..““),
While the cathode ourrent with oathodo ohoke oould be assumod

%o be o pure ds0s, o rippling d.o. must now be expootod. Tho e
results from the summation of the ‘threo‘w ourrents of A lyntm.
The highelt.phitourrent ig shown ap & broken line in Fig. 8, bottome
8ince the complete transformer ghort=oiroult is reached already at

= 80°, it will usn.in dopmd on the type of control voltage,
whether individual M will stop firing ut‘0(<60° or whether the

ignition angle remains ab X < 600,

Fige 10 shows the oharsoteristic of the oathode ourreat as a funcé
tion of ignition delay which stops abruptly at Kee® At X = 90°
the characteristio doss not begin with gero but with a residual value

aooording to the ocurrent oourse shown in Fige 9, bottoms Thus, it

would be possible also during shor

the ignition delsy sbove (X 80°,

t-oirouit oonditions to inoresss

However, in that ocase, the ocethode

. Declassified in Part - Sanitized Copy Approved for Release 2012/04/04 : CIA-RDPé2-00039R000100060034-8

ourrent will oontain gaps.

The oh;.;\:teristio of the three=-phase rechifier without cathode
ohoke, drewn in for purposes of vomparison, showe oonsiderably higher
velues, provided the trensformer ghort=oirouit is the same.

While different ourrent conditions provail in the threo=phase
reotifier without oathode ohoka, depending on whether the ourrente

1imiting induotances are on the primary pide or in the line, or on

the secondary side before the p;um, no such difference exis‘ca in a

¢ n+
bridge oirouit, since the %mﬂternating ourrents apply aie

ghort=oirouit of the linked voltages The oomparison of the oharao=
toristios of Figse 10 and 4 also ghows that the short-oirouit ourrent
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values with and without oathode choke do nob differ sruﬂyj ﬂ.e..
with an alternating short=oirouit ourrent le(ms) oh is ten timen
tho rated secondary ourremt of the transformer

Tir(1289 = 38 * Ty,
Then, there rosults the following ratio to the normal value for the
cathode short=oirouit ourrent IGK(GO) or !“(“). beoause the rated
osthode ourrent is Iy = |3 I,y with the charsoteristie valus

Igx

(i) o
141{(502 2 I4xgsoz o X23) Iy

Lixes) T Ten

led X 20 X g = 11,6
If the ohmio voltage losses are inoluded, this value will be redused
further,

hat
Bummarizing, it oan be lta'hdfr }ﬂe oonstant short=cirouit ourrent

of the bridge oirquit depends on the pre-set ignition delay, With
short=oirouit v the oathode uhoka/the final value is reached at

A= 30%, with short=oirouit before the oathode ohoke it is reached
at .2 80°,

The ratio between short-oirouit ourrent and normal ourrent is
approximately 107 greater than the oorresponding ratio for the transe
former, S:lnoo/ normally high=voltage DC transmission will be carried

out with ..‘.'ully oon’arolled reotifiers in order to deoroase the reactive

power in the H—phue supply line, it oen be expeoted in praotice

that the ignition pulse will be looated bedeme O\= 30° up to X = g0°,
With wide ignition pulses, the same oconstent short=oirouit ocurrents
will ocour, If the ignition pulses are narrow, individuel mjwﬂl,
mnisse This will be disoussed in the subsequent troetise on surge

short=oirouit,

EMD
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